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EP 0 450 849 B1 

Description 

[0001 ] This invention concerns an improved catalyst material, more especially it concerns a catalyst material of par- 
ticular interest for fuel cells, containing a platinum alloy. 

5 [0002] In the art of fuel cells, there have been very many proposals for the production of electrocatalysts which are 
used to coat one or both of the electrodes. It is useful to recall that in a fuel ceil, a fuel, which may be hydrogen, a hydro- 
carbon or an oxygen-containing fuel such as methanol, is oxidised at a fuel electrode (anode) and oxygen is reduced 
at the cathode. An electrolyte contacts the electrodes, and may be alkaline or acidic. The phosphoric acid fuel cell 
(PAFC) is the type of fuel cell closest to commercialisation and there are a number of demonstration units, especially in 

10 Japan, where there are considerable economic and environmental pressures to reduce imports of hydrocarbon fuels 
and to cut polluting emissions from power generation. Many people consider that fuel cells are. however, unlikely to get 
beyond the demonstration stage unless there are overwhelming political or environmental reasons, because the power 
output is too low for the capital costs involved. In the PAFC, power output is limited in part by the activity of the cathode 
catalyst. Increasing cathode catalyst activity can result in higher power density at the same efficiency. The capital cost 

15 per unit of power is therefore reduced in proportion to the increase in performance. Because the cost of the cathode 
catalyst is only a fraction of the cost of the fuel cell stack, increasing the power density of the stack reduces the capital 
cost per unit power out of all proportion to the value of the catalyst per se. It is therefore widely recognised that a cath- 
ode catalyst with improved performance would have great value in reducing overall capital cost per unit power even in 
light of increased cost of the catalyst itself. 

20 [0003] It has been proposed, eg in USP's 3,354,060 and 3,468,717 (Standard Oil), USP 4,186,110 (United Technol- 
ogies), GB 2.190.537A and 2,185,347A (Nippon Engelhard), to use alloys of platinum with base metals, deposited on 
a conductive carbon substrate, as electrode materials in acid electrolyte fuel cells. It is suggested in this prior art that 
such alloys, which include within their meaning solid solutions and intermetallic compounds, have greater activity per 
unit weight compared to unalloyed platinum. It is well known that increasing the effective surface area of the catalyst 

25 increases catalyst performance. There are several ways in which this may be achieved. Increasing the amount of sup- 
ported catalyst in the electrode will increase the total effective surface area of active catalyst material. However, this 
increases the thickness of the fuel cell electrode, increasing internal resistance, thus reducing the overall benefit. Alter- 
natively, the weight percent of active metal supported on the carrier may be increased. This allows for an increase of 
the total amount of active catalyst material in the electrode without increasing the electrode thickness. However, the dis- 

30 persion of the active metal must be retained at higher loading for this to be effective. It would therefore be very advan- 
tageous to make supported Pt alloy catalysts with higher metal loading than is currently practised with useful dispersion 
(active surface area per weight of metal), preferably at least equivalent to current practice. 

[0004] In EP 0 149 293 (Engelhard Corporation) a process for manufacturing an improved elect rocatalyst is proposed. 
The electrocatalyst comprises a supported platinum-gallium alloy catalyst supported on carbon powder. The alloy is of 
35 up to 50 atomic % gallium with the balance of the alloy comprising platinum. The preferred atomic percent of gallium is 
10 to 30. 

[0005] Another proposal for an improved electrocatalyst is disclosed in EP 0 355 853 (N.E. C HEM CAT CORPORA- 
TION) where the supported electrocatalyst is platinum-iron-copper ternary alloy supported on an electrically conductive 
powdery carbon carrier. The proportions in the electrocatalyst are platinum 40 to 60 atomic %, iron 13 to 40 atomic % 
40 and copper 1 3 to 40 atomic %. The electrocatalyst is prepared by first forming a platinum-iron supported binary ordered 
alloy, depositing copper onto the binary ordered alloy and subjecting the product to an alloying treatment. Alternatively, 
iron can be deposited onto the platinum-copper supported binary alloy. 

[0006] It has become accepted in the fuel cell catalyst art that a "standard'' catalyst formulation comprises approxi- 
mately 7 to 1 1% by weight platinum, by itself or as an alloy, on carbon because of the difficulty in achieving useful dis- 
45 pensions of high metal loading by normally available techniques. The prior art contains many statements concerning the 
desirability of high surface area, and there are some suggestions that catalysts may be made at weights of up to 20 or 
30% by weight total metal on carbon. There are, however, no instances of such high loading Pt alloy catalysts being 
exemplified in a convincing manner. 

[0007] In particular should be mentioned the techniques described by Stonehart et al in "Modern Aspects of Electro- 
so chemistry" Vol. 12, 1 83 et seq, and Stonehart states that it is possible to reach Pt loadings of 2 to 40 wt% in single com- 
ponent catalysts, using very high surface area carbon blacks (J.EIectroanal. Chem., 261 (1989), p375). We are not 
aware that any alloy catalyst having a high activity and high loading has been described. High surface area carbons, 
however, corrode readily in hot concentrated phosphoric acid, and the integrity of an electrode made of such material 
is quickly lost. There remains a need for an electrode material having the high electrocatalytic activity of Pt alloys, with 
55 high metal loading, retaining high active metal dispersion and supported .on a stable non-corroding carbon support 
which is capable of a relatively long effective Irfe. It is an aim of the present invention to satisfy these criteria. 
[0008] References herein to ECA (Electrochemical Area), are to areas determined in accordance with the method 
described in S. Giiman, J. Electroanal. Chem. , 7, 1 964, 382. This method is based on the use of cyclic voftammetry to 
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deposit and strip off a monolayer coverage of hydrogen on the active catalyst surface at potentials close to hydrogen 
evolution. A three compartment electrochemical cell is used and hydrogen adsorption is measured on a fully wetted 
electrode comprising the electrocatalyst material. The charge associated with hydrogen adsorption is measured and 
using the relationship 1 cm 2 Pt=210fiC (C-Coulomb), the electrochemical area of the catalyst in terms of m 2 /g Pt is 
5 determined. 

[0009] Hereinafter, we shall use the terms "activity", "performance" and "stability" as defined below. Hydrophobic elec- 
trodes are prepared by mixing the catalyst with PTFE, applying to a wetproofed graphite paper and sintering as is usu- 
ally practised in the art. Activity and performance are measured in a cathodic half cell using air and oxygen as reactants. 
The measurements are made at 1 80°C, atmospheric pressure and in 100% phosphoric acid as electrolyte. Activity is a 

10 measure of the oxygen reduction ability per unit weight of the platinum present, and is measured by the current flow 
through the electrode at an IR (Internal Resistance) -free potential of 900 mV, versus a Dynamic Hydrogen Electrode 
(DHE), with oxygen as the reactant, and is expressed in terms of milliamps per milligram of platinum present In prac- 
tice, PAFC cathodes operate using air as the oxidant gas, and at high current densities (greater than 100 mA/cm2). For 
electrode performance measurement we quote the IR-free electrode potential at 200 mA/cm2 with air as the oxidant 

15 [001 0] During prolonged use under fuel cell operating conditions the active catalyst particles have a tendency to coa- 
lesce, either by surface migration or dissolution/reprecipitation. This process, known as sintering, causes a reduction in 
effective surface area and hence in activity. To provide an indication of the resistance of the catalyst to these detrimental 
sintering processes a "stability" test has been developed- A catalyst sample is thoroughly dispersed in 100% phos- 
phoric acid, and is maintained at a temperature of 180°C for 72 hours. An electrode is then prepared, and ECA, activity 

20 and performance measured as above and compared to the fresh catalyst. 

[001 1 ] The present invention provides a novel electrocatalytic material comprising an alloy of platinum, supported on 
a conductive carbon support, the platinum loading being in the range 20 to 60wt% based on the weight of the composite 
electrocatalytic material and the ECA of the alloy being greater than 40m 2 /g platinum. Preferably the BET surface area 
of the composite electrocatalytic material is less than 1 000m 2 /g, more preferably less than 300m 2 /g, and especially less 

25 than 120m 2 /g, particularly if the material is for use in phosphoric acid fuel cell cathodes. Preferably the aJloying metal(s) 
are selected from the transition metals, more preferably from Groups IVB, VIB,.VIIB, VIII, IB and IHA of the periodic 
Table in "Handbook of Chemistry and Physics", 64th Edition, CRC Press. Even more preferably, the alloying metal (s) 
are selected from one or more of Ti, Cr, Mn, Fe, Co, Ni, Cu, Ga, Zr and Hf, especially one or more of Cr, Mn, Co and 
Ni. Preferably, the atomic ratio of platinum to the alloying metal(s) is in the range of 80:20 to 20:80, more preferably in 

30 the range of 65:35 to 35:65, especially approximately 50:50. These materials have an ECA greater than 40m 2 /g Pt, 
especially greater than 45^1^ Pt. Preferred platinum loadings are in the range 20 to 45wt%, more preferably 20 to 
40wt%, especially in the range 25 to 35wt%. It is believed that this combination of properties has not previously been 
accessible by prior art techniques and that the material is novel. 

[0012] The novel materials according to the invention demonstrate unexpectedly superior properties. In particular, 
35 with platinum loadings 2-4 times those which are conventionally used in the art, activity remains high throughout the 
range of loadings, and increased performance is found with increased platinum loading. Further, in the range of 25- 
35wt% Pt, the increase in performance is greater than that predicted purely on the basis of increased platinum loading. 
This result is surprising and is not readily explained according to conventional thinking. Furthermore, we find the stabil- 
ity of these materials to be at least equivalent to that of conventional Pt alloy catalysts at 10wt% Pt loading, 
40 [0013] The invention further provides a method for the manufacture of a material as defined above, which method 
comprises depositing from basic solution, compounds of the desired platinum metal and desired alloying metal(s) onto 
a conductive carbon support to deposit a total amount of platinum of 20 to 60wt% based on the weight of the composite 
electrocatalytic material on the support, and reducing and heat treating the support carrying metal compounds to obtain 
an alloy of platinum and at least one other metal, having an ECA in excess of 40m 2 /g of platinum. 
45 [001 4] Suitable conductive carbon supports are commercially available or may be prepared specifically for this appli- 
cation. Preferred carbons may be selected from the oil furnace carbon blacks or acetylene blacks. They may be used 
as prepared commercially, or specifically treated to increase their graphitic character. 

[001 5] In the method of the invention, it is preferred to dissolve the compounds of the metals in water and to add these 
sequentially to an aqueous basic slurry of the carbon, conveniently depositing the platinum group metal firstly. Desira- 
so bly, the carbon is slurried in water and the slurry is rendered alkaline, for example by the addition of sodium bicarbonate 
which also serves as a buffer. Suitable metal compounds are, for example chloroplatinic acid for platinum, and readily 
soluble salts for the base metals, such as chlorides or nitrates. For the purpose of safety, care should be taken when 
adding chloroplatinic acid in particular, but also the other compounds, to avoid excessive.gas evolution and eruption of 
the material from the vessel. 

55 [0016] The deposited compounds are required to be reduced to the metal, so that they may form an alloy, and- this 
may be accomplished in a number of ways. The reduction may be carried out in the liquid phase, by adding a reducing 
agent, such as hydrazine, formaldehyde or formic acid, to the slurry after deposition. In another reduction method, the 
slurry is dried and reduced using a gas phase reducing agent, which is suitably hydrogen, which may be diluted with an 
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inert gas such as nitrogen. These particular reduction methods are followed by a heat treatment, for example to 600 to 
1000°C. Another variant of the process permits reduction and heat treatment to take place in a single step; heating to 
a temperature of approximately 600 to 1000°C under an inert gas or in a reducing atmosphere for an appropriate time 
of approximately one hour has been successful in tests. There are many methods of heating in order to form the alloy, 

5 and it is possible to alter the time and temperature profiles in order to achieve particular alloy characteristics. It is pre- 
ferred to avoid temperatures significantly above 1 000°C if the material is heated for any significant time, since sintering 
and loss of surface area may occur. Care should be taken with carbon, carrying deposited platinum or compounds 
thereof, since it tends to be pyrophoric; it is preferably kept under an inert atmosphere or at least denied access to air 
or oxygen except when at approximately room temperature or below. 

10 [001 7] The materials of the invention have particular utility as the active component in the oxygen reduction electrode 
of an acid electrolyte fuel cell. Accordingly, the invention encompasses the use of the materials. The materials may be 
used in conventional manner, which generally involves dispersing the material in a suspension of PTFE, coating a sub- 
strate such as PTFE - wet proofed graphite paper with the dispersion, and sintering the coated substrate. The invention 
further includes a fuel cell, especially a phosphoric acid fuel cell, using an electrode according to the invention. 

is [0018] Although the material according to the invention has particular application in PAFC, and is described herein in 
detail with reference to this use, it is clear to us that the materials have uses in other fuel cells or for other applications. 
[001 9] The invention will now be particularly described in the following examles, which are to be regarded as illustra- 
tive and not limiting. Each of the exemplary catalysts was made into test electrodes following the methods outlined 
above. Measurements of EC A, activity and performance were taken to characterise the properties of the various cata- 

20 lysts. These results are presented in the Table. 

EXAMPLE 1 (Comparative Example - Pt/Co/Cr, 10wt% Pt) 

[0020] A method following that described by Luczak and Landsman (USP 4,447,506) was used. A conventional high 
25 surface area 10.3 wt% Pt catalyst was prepared on Shawinigan carbon black. 48.6 g of this material was slurried in 
demineralised water. To the slurry was added 0.905 g of Co as Co(N0 3 ) 2 .6H 2 0 and 0.538 g of Cr as Cr(N0 3 ) 3 .9H 2 0. 
The slurry was vacuum dried at 80°C, then heat treated at 930°C in a flowing nitrogen atmosphere for 60 minutes to 
form the alloy. The resulting catalyst comprised 10 wt% Pt, 1.8 wt% Co, and 1.08 wt% Cr with an atomic ratio of 
50:30:20 Pt:Co:Cr. 

30 

EXAMPLE 2 (Comparative Example - Pt/Ni, 10 wt% Pt) 

[0021] A Pt/Ni alloy catalyst was prepared at 10wt% Pt loading as follows: 43.5g Shawinigan acetylene black was 
added to 2,000 cm3 demineralised water and stirred for 15 minutes to produce a homogeneous slurry. 17.22g sodium 

35 bicarbonate was added to the slurry and stirred for 5 minutes. The slurry was raised to 1 00°C and maintained at the boil 
for 30 minutes. A solution of 5,0g platinum as chloroplatinic acid, in 60 cm 3 demineralised water, was added to the slurry 
over 5 minutes. The slurry was boiled for 5 minutes. A solution of 1.51g nickel, as the nitrate salt (Ni(N0 3 ) 2 .6H 2 0), in 
50 cm 3 demineralised water was added over 10 minutes. The slurry was boiled for two hours. 3.9 cm3 of formaldehyde 
solution, diluted to 38 cm 3 was added over ten minutes. The slurry was boiled for a further 60 minutes and then filtered 

40 to remove the supernatent liquid and washed with demineralised water to remove the soluble chloride species. The 
chloride free filter cake was vacuum dried at 80°C until the moisture content was less than 2%. The material was then 
heated to a temperature of 930°C in a flowing nitrogen atmosphere and maintained at this temperature for 60 minutes 
to form the alloy. This gives a catalyst with a composition of 10 wt% Pt, 3.0 wt% Ni and a Pt:Ni atomic ratio of 50:50. 

45 EXAMPLE 3 (Comparative Example - Pt/Co/Cr, 20wt% Pt). 

[0022] The conventional state of the art method, for preparing 10 wt% Pt alloy catalysts, as used in comparative 
Example 1, was employed in an attempt to prepare a Pt/Co/Cr catalyst at 20 wt% Pt loading. 37.1 2g of Shawinigan 
acetylene black was added to 2,000 cm 3 demineralised water and stirred for 15 minutes to produce a homogeneous 

so slurry. 36.1 1 g sodium bicarbonate was added to the slurry and stirred for 15 minutes. The slurry was brought to the boil 
and maintained at the boil for 30 minutes. 10.0g platinum as chloroplatinic acid was diluted to 120 cm 3 in demineralised 
water and added to the slurry. The slurry was boiled for 90 minutes. 7.75 cm 3 of formaldehyde solution was diluted to 
75 cm 3 and added to the slurry. The slurry was boiled for a further ten minutes and filtered to remove the supernatent 
liquid and washed with demineralised water to remove the soluble chloride species. The chloride free filter cake was 

55 vacuum dried at 1 00°C urltil the moisture content was less than 2% to give the nominal 20 wt%"Pt precursor catalyst 
material. 

[0023] 47.1 g of this material was slurried in demineralised water. To the slurry was added 1.81 g of Co as 
Co(N0 3 ) 2 .6H 2 0 and 1 .08 g of Cr as Cr(N0 3 ) 3 .9H 2 0. The slurry was vacuum dried at 80°C, then heat treated at 930 C C 
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in a flowing nitrogen atmosphere for 60 minutes to form the alloy. The resulting catalyst comprised 20 wt% Pt, 3.6 wt% 
Co, and 2.1 wt% Cr with an atomic ratio of 50:30:20 Pt:Co:Cr. 

EXAMPLE 4 (Comparative Example - Pt/Ni, 20wt%) 

5 

[0024] The method as described in comparative Example 3 was used in an attempt to prepare a Pt/Ni catalyst at 
20wt% Pt loading. The alloying metal addition comprised 3.01 g Ni as Ni(N0 3 ) 2 .6H 2 0. The resulting catalyst comprised 
20 wt% Pt and 6 wt% Ni with an atomic ratio of 50:50 Pt:NL 

w EXAMPLE 5 (Example - Pt/Ni. 20wt% Pt) 

[0025] A Pt/Ni alloy catalyst was prepared at 20 wt% Pt loading as follows: 37.0g Shawinigan acetylene black was 
added to 2,000 cm 3 demineralised water and stirred for 15 minutes to produce a homogeneous slurry. 34.45g sodium 
bicarbonate was added to the slurry and stirred for 5 minutes. The slurry was raised to 1 00°C and maintained at the boil 

15 for 30 minutes. A solution of 10.0g platinum as chloroplatinic acid, in 100 cm3 demineralised water, was added to the 
slurry over 5 minutes. The slurry was boiled for 5 minutes. A solution of 3.0 1g nickel, as the nitrate salt (Ni(N03)2.6H 2 0), 
in 75 cm 3 demineralised water was added over 10 minutes. The slurry was boiled for two hours. 7.8 cm 3 of formalde- 
hyde solution, diluted to 75 cm 3 was added over ten minutes. The slurry was boiled for a further 60 minutes and then 
filtered to remove the supernatent liquid and washed with demineralised water to remove the soluble chloride species. 

20 The chloride free filter cake was vacuum dried at 80°C until the moisture content was less than 2%. The material was 
then heated to a temperature of 930°C in a flowing nitrogen atmosphere and maintained at this temperature for 60 min- 
utes to form the alloy. This gives a catalyst with a composition of 20wt% Pt, 6.0wt% Ni and a R:Ni atomic ratio of 50:50. 

EXAMPLE 6 (Example - Pt/Co/Cr, 20wt% Pt) 

25 

[0026] The method as described in Example 5, was used to prepare a Pt/Co/Cr catalyst at 20wt% Pt loading. The 
base metal solution comprised 1.81g Co as Co(N0 3 ) 2 .6H 2 0 and 1.07g Cr as Cr(N0 3 ) 3 ,9H 2 0 in 150cm 3 demineralised 
water. This gives a catalyst with a composition of 20wt% Pt, 3.6wt% Co, 2.1wt% Cr and an atomic ratio of Pt:Co:Cr of 
50:30:20. 

30 

EXAMPLE 7 (Example - Pt/Mn, 25wt% Pt) 

[0027] The method as described in Example 5 was used to prepare a Pt/Mn catalyst at 25wt% Pt loading. The base 
metal solution comprised 5.63g of Mn as MnCI 2 .4H 2 0 dissolved in 250ml demineralised water. The quantity of Pt used 
35 was 20g Pt as CPA, and that of carbon was 54. 5g to give a catalyst with composition of 25wt% Pt and 7wt% Mn with 
an atomic ratio of 50:50 Pt:Mn. In addition, no formaldehyde was added during the catalyst preparation. The catalyst 
was heated to a temperature of 930°C in a flowing nitrogen atmosphere to form the alloy. 

EXAMPLE 8 (Example - Pt/Ni, 25wt% Pt) 

40 

[0028] The method as described in Example 5 was used to prepare a Pt/Ni catalyst at 25wt% Pt loading, except that 
all reagent quantities were altered in proportion to give a catalyst with a composition of 25wt% Pt and 7.5wt% Ni. 

EXAMPLE 9 (Example - Pt/Ni, 25wt% Pt) 

45 

[0029] The method as described in Example 8 was used to prepare a Pt/Ni catalyst at 25wt% Pt loading, except that 
the carbon support was Cabot Vulcan XC72R furnace black and no formaldehyde solution was added during the cata- 
lyst preparation. The catalyst was heated to a temperature of 930°C in a flowing nitrogen atmosphere to form the alloy. 

so EXAMPLE 10 (Example - Pt/Ni, 30wt% Pt) 

[0030] The method as described in Example 8 was used to prepare a Pt/Ni catalyst at 30wt% Pt loading, except that 
no formaldehyde solution was added during the catalyst preparation. The catalyst was heated to a temperature of - 
930°C in a flowing nitrogen atmosphere to form the alloy. The catalyst composition was 30wt% Pt and 9.0wt% Ni. 

55 ~" ... 

EXAMPLE 11 (Example - Pt/Ni, 35wt% Pt) 

[0031 ] The method as described in Example 8 was used to prepare a Pt/Ni catalyst at 35wt% Pt loading, except that 
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no formaldehyde solution was added during the catalyst preparation. The catalyst was heated to a temperature of 
930°C in a flowing nitrogen atmosphere to form the alloy. The catalyst composition was 35wt% Pt and 10.5wt% Ni. 

EXAMPLE 12 (Comparative Example - Pt/Ni, 40wt% Pt) 

5 

[0032] The method as described in Example 8 was used to prepare a Pt/Ni catalyst at 40wt% Pt loading, except that 
the carbon support was Cabot Vulcan XC72R furnace black and no formaldehyde solution was added during the cata- 
lyst preparation. The catalyst was heated to a temperature of 930° C in a flowing nitrogen atmosphere to form the alloy. 
The catalyst composition was 40wt% and 12.0wt% Ni. 

w 

Comparative example^ 

[0033] The catalyst of Example 1 after the stability test. 
15 Comparative EXAMPLE 14 

[0034] The catalyst of Example 2 after the stability test. 
EXAMPLE 15 

20 

[0035] The catalyst of Example 5 after the stability test. 
EXAMPLE; 16 

25 . [0036] The catalyst of Example 9 after the stability test. 



TABLE 



30 


EXAMPLE NO. 


FORMULATION 


PT LOAD WT% 


ECA (m 2 /gPt) 


ACTIVITY 
(mA/mgPt) 


PERFORM- 
ANCE (mV at 
200mAcm2) 




1 


Pt/Co/Cr 


10 


41 


36 


719 




2 


Pt/Ni 


10 


63 


50 


747 


35 


3 


Pt/Co/Cr 


20 


19 


19 


716 




4 


Pt/Ni 


20 


34 


22 


728 




5 


Pt/Ni 


20 


49 


44 


765 


40 


6 


Pt/Co/Cr 


20 


45 


47 


758 




7 


Pt/Mn 


25 


69 


55 


781 




8 


Pt/Ni 


25 


50 


59 


797 


45 


9 


Pt/Ni 


25 


67 


64 


788 


10 


Pt/Ni 


30 


51 


63 


802 




11 


Pt/Ni 


35 


43 


54 


798 




*12 


Pt/Ni 


40 


38 


40 


784 


50 


13 


Pt/Co/Cr 


10 


29 


30 


711 




14 


Pt/Ni 


10 


57 


40 


729 




•15 


. Pt/Ni. < 


• . 20 


47 


. . 38 . . 


768 . 


55 


16 


Pt/Ni 


25 


64 


53 


791 



* Example no. 12 is outside the scope of the main claims and hence comparative. 
[0037] It can readily be seen that the prior art catalysts as exemplified in Examples 3 and 4 show the typical decrease 



6 



EP0 450 849 B1 



in EGA and hence activity and performance, with the increase in Pt loading from 10 wt% (Examples 1 and 2) to 20 wt%. 
Specifically, the ECA is reduced by approximately half. The activity suffers a similar reduction, as would be predicted 
from the ECA data, and the performance shows essentially no improvement with the doubling of Pt loading. In contrast, 
while the catalytic materials of the invention do show a variation of ECA as metal loadings increase, these are signrfi- 

5 cantly less dramatic, and do not fall below the 40 rrr^/g limit. With the ECA values of the materials of the invention essen- 
tially equivalent to those of the conventional 1 0 wt% Pt materials, the activities are found to be essentially equivalent as 
well, as would be predicted from the ECA data. As a result, the air performances of the Examples according to the 
invention are significantly better than the prior art Examples. This desirable but previously unattainable result is clearly 
advantageous and readily explained on the basis of maintaining ECA with increased Pt content. In addition, the 

10 improvements demonstrate an unexpected superiority in the range of 25 to 35 wt% Pt. The extent of the improvement 
will be more readily realised when it is considered that an improvement of 27m V (assuming a 90 mV/decade Tafel slope 
for the 4 electron oxygen reduction reaction) in the measured parameter is equivalent to a doubling in power output from 
a fuel cell. This translates into the possibility of doubling the power output for a given size of fuel cell stack, or halving 
the size of the stack for the same output. Thus in the case of Example 8, having a 25% Pt loading and an air perform- 

75 ance of 797mV, compared to Example 2 with a 10% Pt loading and an air performance of 747m V, the 50 mV difference 
is equivalent to a power increase factor of approximately 4, significantly better than the projected increase of a factor of 
2.5 based purely on the increase in the Pt loading. This is completely unexpected, and we do not yet have an adequate 
explanation. However, this result is supported by the air performances for the other Examples according to the inven- 
tion. 

20 [0038] From consideration of Examples 13 through 16 it is clear that the stabilities of the Examples according to the 
invention (Examples 15 and 16) as assessed by the change in ECA, activity, and performance after the sintering treat- 
ment, are surprisingly superior to the Examples of the conventional art (Examples 1 3 and 1 4). This is a surprising result 
in light of the conventional wisdom that high loading samples will have reduced stability. 

25 Claims 

1 . An electrocatalyst material comprising an alloy of platinum supported on a conductive carbon support, the platinum 
loading being in the range of 20 to 60wt% based on the weight of the composite electrocatalyst material, and the 
ECA of the alloy being greater than 40m 2 /g Pt. 

30 

2. A material according to claim 1, in which the alloying metal is one or more selected from Groups IVB, VIB, VIIB, 
VIII. IB and 

3. A material according to claim 2, in whcih the alloying metal is one or more of Ti, Cr, Mn, Fe, Co, Ni, Cu, Ga, Zr and 

35 Hf. 

4. A material according to claim 3, in which the alloying metal is one or more of Cr, Mn, Co and Ni. 

5. A material according to any one of the preceding claims, in which the BET surface area of the composite electro- 
40 catalytic material is less than 1000m 2 /g. 

j 

6. A material according to claim 5, in which the BET surface area of the composite electrocatalytic material is less 
than SOOrr^/g. 

45 7. A material according to claim 6, in which the BET surface area of the composite electrocatalytic material is less 
than 120m2/g. 

8. A material according to any one of the preceding claims, in which the atomic ratio of Pt to the alloying metal(s) is in 
the range of 80:20 to 20:80. 

50 

9. A material according to claim 8, in which the atomic ratio of Pt to the alloying metal(s) is in the range of 65:35 to 
35:65. 

10. A material according to claim 9, in which the atomic ratio of Pt to the alloying metal(s) is approximately 50:50. 

55~ . - 

11 . A material according to any one of the preceding claims, in which the loading of platinum metal is in the range 20 
to 45wt%. 
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12. A method for the production of an electrocatalytic material according to any one of the preceding claims, compris- 
ing depositing from basic solution compounds of platinum and one or more alloying metal (s), onto a conductive car- 
bon support to deposit a total amount of platinum of 20 to 60wt% based on the weight of the composite 
electrocatalytic material on the support and reducing and heat treating the support carrying metal compounds to 

5 obtain an alioy of platinum and at least one other metal, of ECA in excess of lOrvP/g of platinum. 

13. A method according to claim 12, wherein the compounds are dissolved in water, and are added to an aqueous 
basic slurry of the carbon. 

10 14. A catalysed electrode comprising an electrocatalytic material according to any one of claim 1 to 11 . 

15. A fuel cell comprising a catalysed electrode as claimed in claim 14. 

16. A fuel cell as claimed in claim 15, wherein the said catalysed electrode is the cathode and the electrolyte is phos- 
is phoric acid. 

Patentanspruche 

1. Elektrokatalysatormaterial, das eine Platinlegierung, die auf einen leitfahigen Kohlenstofftrager aufgetragen ist, 
20 umfaGt, wobei die Beladung mit Platin in einem Bereich von 20 Gew.-% bis 60 Gew.-%, bezogen auf das Gewicht 

des elektrokataiytischen Verbundmaterials liegt und die ECA der Legierung grofler als 40 m 2 /g Pt ist. 

2. Material nach Anspruch 1 , worin das Legierungsmaterial ein Metall Oder mehrere Metalle, die aus den Gruppen 
IVB, VIB, VIIB, Vill, IB und IIIA ausgewahlt sind, ist 

25 

3. Material nach Anspruch 2, worin das Legierungsmetall ein Metall oder mehrere Metalle aus Ti, Cr, Mn, Fe, Co, Ni, 
Cu, Ga, Zr und Hf ist. 

4. Material nach Anspruch 3, worin das Lagierungsmetall ein Metall oder mehrere Metalle aus Cr, Mn, Co und Ni ist. 

30 

5. Material nach einem der vorhergehenden Anspruche, worin die BET-Oberflache des elektrokataiytischen Verbund- 
materials weniger ais 1 000 rmVg betragt. 

6. Material nach Anspruch 5, worin die BET-Oberflache des elektrokataiytischen Verbundmaterials weniger als 300 
35 m 2 /g betragt. . 

7. Material nach Anspruch 6, worin die BET-Oberflache des elektrokataiytischen Verbundmaterials weniger als 120 
m 2 /g betragt. 

40 8. Material nach einem der vorhergehenden Anspruche, worin das Atomverhaltnis von Pt zu dem (den) Legierungs- 
metall(en) in einem Bereich von 80:20 bis 20:80 liegt. 

9. ' Material nach Anspruch 8, worin das Atomverhaltnis von Pt zu dem (den) Legierungsmetall(en) in einem Bereich 

von 65:35 bis 35:65 liegt. 

45 

1 0. Material nach Anspruch 9, worin das Atomverhaltnis von Pt zu dem (den) Legierungsmetall(en) etwa 50:50 betragt. 

1 1 . Material nach einem der vorhergehenden Anspruche, worin die Beladung mit Platinmetall in einem Bereich von 20- 
45 Gew.-% liegt. 

50 

12. Verfahren zur Herstellung eines elektrokataiytischen Materials nach einem der vorhergehenden Anspruche durch 
Abscheiden von Verbindungen von Platin und einem oder mehreren Legierungsmetall(en) aus einer basischen 
LOsung auf einen leitfahigen Kohlenstofftrager zur Abscheidung einer Gesamtmenge von 20-60 Gew.-%-P1atin, 
bezogen auf das Gewicht des elektrokataiytischen Verbundmaterials auf dem Trager, und Reduzieren und Warme- 

55 behandeln des Metallverbindungerrtragenden Tragers, urn eine Legierung von Platin und mindestens einem ande-- 
ren Metall herzustellen, wobei die ECA mehr als 40 m 2 /g Platin betragt. 

13. Verfahren nach Anspruch 12, wobei die Verbindungen in Wasser geldst werden und einer waQrigen basischen Auf- 
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schlamrnung des Kohlenstoffs zugegeben werden. 

14. Katalysierte Elektrode, die ein elekirokatalytisches Material nach einem der Anspruche 1 bis 11 umfaBt. 

5 15. Brennstoffzelle, die eine katalysierte Elektrode nach Anspruch 14 umfaBt. 

1 6. Brennstoffzelle nach Anspruch 1 5, worin die katalysierte Elektrode die Kathode ist und es sich bei dem Eleklrolyten 
urn Phosphorsaure handelt. 

10 Revendications 

1 . Matiere electrocatalytique comprenant un alliage de platine fixe sur un support de carbone conducteur, la charge 
de platine se situant dans la plage de 20 a 60 % en poids sur la base du poids de la matiere electrocatalytique com- 
posite et I'aire electrochimique (AEC) de I'alliage ayant une valeur superieure a 40 m 2 /g de Pt 

15. 

2. Matiere suivant la revendication 1 , dans laquelle le metal d'alliage consiste en un ou plusieurs metaux choisis dans 
les groupes IVB, VIB, VIIB, VIII, IB et IIIA. 

3. Matiere suivant la revendication 2, dans laquelle ie metal d'alliage consiste en un ou plusieurs des metaux Ti, Cr, 
20 Mn, Fe, Co, Ni, Cu, Ga. Zr et Hf. 

4. Matiere suivant la revendication 3, dans laquelle le metal d'alliage consiste en un ou plusieurs des metaux Cr, Mn, 
Co et Ni. 

25 5. Matiere suivant Tune quelconque des revendications precedentes, dans laquelle la surface specifique BET de la 
matiere electrocatalytique composite est inferieure a 1 000 m 2 /g. 

6. Matiere suivant la revendication 5, dans laquelle la surface specifique BET de la matiere electrocatalytique compo- 
site est inferieure a 300 m 2 /g. 

30 

7. Matiere suivant la revendication 6, dans laquelle la surface specifique BET de la matiere electrocatalytique compo- 
site est inferieure a 120 m 2 /g. 

8. Matiere suivant I'une quelconque des revendications precedentes, dans laquelle le rapport atomique du platine au 
35 metal ou aux metaux d'alliage se situe dans la plage de 80:20 a 20:80. 

9. Matiere suivant la revendication 8, dans laquelle le rapport atomique du platine au metal ou aux metaux d'alliage 
se situe dans la plage de 65:35 a 35:65. 

40 10. Matiere suivant la revendication 9, dans laquelle le rapport atomique du platine au metal ou aux metaux d'alliage 
est d'environ 50:50 

1 1 . Matiere suivant Tune quelconque des revendications precedentes, dans laquelle la charge de platine metallique se 
situe dans la plage de 20 a 45 % en poids. 

45 

12. Precede de production d'une matiere electrocatalytique suivant Tune quelconque des revendications precedentes, 
qui comprend les etapes consistant a deposer a partir d'une solution basique des composes de platine et d'un 
m6tal ou de plusieurs metaux d'alliage sur un support de carbone conducteur, afin de deposer une quantite totale 
de platine de 20 a 60 % en poids sur la base du poids de la matiere electrocatalytique composite sur le support, et 

so a reduire et traiter thermiquement le support portarrt les composes metalliques afin d'obtenir un alliage de platine 
et d'au moins un autre metal, de valeur AEC superieure a 40 m 2 /g de platine. 

13. Precede suivant la revendication 12, dans lequel les composes sont dissous dans I'eau et la solution est ajoutee a- - 
une suspension basique aqueuse du carbone. 

55" . 

14. Electrode catalysee comprenant une matiere electrocatalytique suivant I'une quelconque des revendications 1 a 
11. 
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15. Cellule a combustible comprenarrt une electrode catalysee suivant la revendication 14. 

16. Cellule a combustible suivant ia revendication 15, dans laquelle I'electrode catalysee est la cathode et I'electrolyte 
est I'acide phosphorique. 

5 
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